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INTRODUCTION
The demand for livestock production is set to rise sharply over the next few decades, especially as the world's population grows. It is estimated that the human population in 2050 will reach 9.6 billion, with most of the increase expected in developing countries (UNDP, 2015) . According to Thornton (2010) , this combination of growing demand in developing countries and stationary demand in industrialized countries presents a great opportunity for animal protein production in developing countries, where local production meets most of the demand, and this scenario is likely to remain stable in the predictable future. The world food economy is increasingly driven by the change in diets and food consumption patterns considering animal protein.
Per capita consumption of animal protein has rapidly grown in several large countries, China and Brazil among them, which has increased the average of the developing countries and the world.
The perception of the significant change in the meat industry reflects the increase performance of the global production and poultry meat consumption. It grew by more than 5% per year, and its share of world meat production increased from 15% three decades ago to 30% nowadays. Global production of animal protein has increased substantially since the 60's. Meat production has more than doubled, and poultry meat production has increased by about ten times, consisting of an increase in both the number of animals and the productivity index. Carcass weights have increased by about 30% for Structural Attributes Dynamics of the Brazilian Broiler Production Chain both cattle and chicken from the early 1960's to the mid-2000s, and by about 20% for pigs (FAO, 2006) .
Brazil overtook China, in 2015, as the world's second-largest poultry meat producer, staying behind only from the United States of America. From every 11 kg of poultry exported worldwide, about 4kgcome from Brazil. The data provided by the Brazilian Institute of Geography and Statistics (IBGE, 2016) indicate that Brazilian production reached 13.14 10 6 tons in 2015, 5.4% more than in 2014 and the highest level ever recorded in history. Poultry raised by a substantial number of small and medium Brazilian producers, approximately 180,000 farms, are supplied mainly to two major Brazilian multinational companies. According to the ranking produced by AVISITE, both companies, BRF S.A. and JBS S.A., slaughtered 2.6 10 9 chickens in 2014, almost half the country's total. When we look over exports, the level is even higher. Together the companies accounted for about 70% of poultry shipments in 2013 (AVISITE, 2016; REPÓRTER BRASIL, 2016) .
The chicken meat supply chain usually has the following configuration: breeder, poultry farm, slaughter house and the final consumer. The challenge is how to achieve better results, higher production or productivity per unit, and at the same time, improve the sustainability of the poultry industry and food safety. According to Oliveira (2012) , the poultry production chain is considered an industrial system. These industrial systems through processing plants (slaughterhouse) are the primary source of chicken meat for the markets, either domestic or export.
The product/capital/information flow starts from the producer of the one-day-old chicks at the beginning of the chain and flows into the consumer markets at the end of the chain. This flow is bidirectional. In one direction we have the products that aggregate value of each actor, and in the opposite direction, we get feedback with information plus the financial payback of their operations (Nääs, 2015) .
In today's scenario, organizational leaders face considerable challenges in managing their business units. Some goals and outcomes mustbe achieved within competitive markets. Such phenomenon can be analyzed from various perspectives to accomplish the expected results. In the present study, the social network analysis approach will be applied. Social networks analysis can improve the results of vital areas of an organization. This perspective allows leaders to identify critical points of collaboration and weaknesses in their organizations to control the criticalpoints of value (Cross & Thomas, 2009) . The network process analysis provides the best insight into how the relationship between micro and macro interactions happens. In one way or another, it is through these networks that small-scale interaction transforms into large-scale patterns (Granovetter, 1973) .
Interorganizational networks can be made up of independent companies that are part of a business network. These networks have asa fundamental characteristic the preservation of the particularity of each company in their area, as well as reduce potential contractual risks that may occur in market transactions (Lazzarini, 2008) . Business networks are constituted in arrangements formed by different businesses, maintaining connections and relationships in some measure among themselves (Zaccarelli et al., 2008; Borgatti & Li, 2009 ). More attention should be given to the most central players considering they have a higher level of importance and strength within the network to improve the response and evolution of the broiler production chain.
The present study aimed to analyze the Brazilian broiler production chain between 2000 and 2015, and establish the level of the centrality of each actor within the chain, considering social network analysis approach.
MATERIALS AND METHODS
At first, secondary data were obtained with the objective of increasing the necessary knowledge of subjects such as chicken meat production chain; productive processes; data from the Brazilian and global markets; and social network analysis. Many reference materials were used, such as books, articles, and reports, which provided the theoretical basis for this study. In sequence, an analysis of the variables that can change as a function of local and global changes was carried out. Gephi ® software was used to define the levels of the centrality of the actors in the production chain between 2000 and 2015, considering the social network analysis approach (Bastian et al., 2009) . The focus of this paper is to present the main system components and its strength, and how they are affected bythe market changes.
The supply chain was studied, and the principal actors were identified as well as its role, products, and financial return flow. For the present study, secondary actors such as logistics companies, pharmaceutical laboratories, genetic industry, equipment, and packaging, were not considered. Although the feed industry is correlated and supportive, it was considereda central actor for the reason of accounting more than 66% of the production cost of live chicken (Canever, 1997; Martins, 2005; Oliveira, 2012; AVISITE, 2016) . The government has an essential role since it is connected to all the actors of the productive chain, and has the attributes to take care of taxation, biosecurity, and
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infrastructure (Canever, 1997) . The broiler production chain is highly structured, and the main actors are arranged in a vertical integration line (Araújo et al., 2008; Voilà & Triches, 2013) . The main players selected in the broiler production chain were the hatchery, the broiler farmer, the processing plant, the feed mill, the market, and the government (Figure 1 ).
Figure 1 -Simplified scheme of the Brazilian broiler meat supply chain
Interactions were analyzed, identifying the actors and their relationships. These relationships between the actors allowed the identification of the weights of their relations, and are based on the number of interactions between one actor and another during the production process. According to Lazzarini (2008) , to map the analyzed network, the concept of groups was used, defined as a finite set of agents, delimited by conceptual, theoretical or empirical criteria in which network measurements are performed. In this case, the group consists of the seven actors in the chain and their respective product and financial flows (Table 1) .
Social network theory views the broiler chicken meat production chain as a system containing various actors and its relationships. The properties of the actors were adjusted and organized according to their geodesic structure and their ties according to their strength. The first step was to apply a layout algorithm (Force Atlas) to re-position the nodes in the graph to improve its readability and aesthetics. This algorithm tries to ensure as few edges cross as possible and it uses the weight of the ties. The purpose of network analysis is to analyze this system and their cause-and-effect relationships (Granovetter, 1973) . As suggested by the social network analysis, links connecting the players within the system can be represented as discrete events and categorized interactions, that is, a group of transactions over a period (Borgatti & Li, 2009) . Relationships that support goods and information flows along the animal production chain can be represented regarding network relationships (Gaetano et al., 2013) . Data on goods, financial movement and market were retrieved from published materials (EMBRAPA, 2003; FAO 2006; UBA, 2008; SINDIRAÇÕES, 2010; SINDIRAÇÕES, 2011; UBABEF, 2011; SINDIRAÇÕES, 2012; UBABEF, 2012; FAO 2013; Voilà & Triches, 2013; UBABEF, 2013; CEPEA, 2015; CEPEA, 2016; IBGE, 2016; USDA, 2016) .
Four moments were used during the network analysis period to generate the graphical representation of the productive chain, done as the step two. The inter-organizational networks graphs of the broiler production chainwere obtained from the data of the actors and their ties in Gephi ® software (Bastian et al., 2009) .
Some assumptions were made considering the increased productivity in poultry production, which can be observed from three main indicators: 1) The feed conversion index (amount of feed, in kg needed to produce 1 kg of live broiler); 2) The weight and; 3) The age of the broiler chicken at the time of slaughter.
The mean feed consumed during the grow-out period was assumed as 1.75 kg of feed for each kg of weight gain, the broiler is slaughtered with 42 days, and average carcass weight is 2.3 kg (UBABEF, 2011; Costa, 2015) . We also assumed an average tax of 18% applied on all products, and as a return from the Government, 3% from the taxes are used for infrastructure and biosecurity. Thus, when we observe the main links of the broiler production chain, it is verified that the existing relations between the actors present differentiated weights, due to the goods and financial flows between them (Table 2) . 
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In 2003, the Brazilian poultry industry came into crisis with the outbreak of bird flu in Asian countries such as Thailand, Vietnam, China, and in countries of other continents such as the United States and Canada. There was also a drop in domestic consumption. The European countries did not want Brazil to use a particular type of antibiotic to combat the respiratory infection of the birds, generating external market restrictions (Avicultura Industrial, 2006) . In the years 2005 to 2006, as a consequence of the outbreak of avian influenza, there was an average decrease of 7.53% in production for these two-year. In October 2008 there was the impact of the economic crisis, this fact caused that the year of 2009 had a decrease of 2.7%, thus damaging the production growth. The year 2010 was marked by the merger of Sadia and Perdigão companies, becoming the company Brasil Foods S.A., which owns 32.3% of the total market. JBS incorporated Seara and Pilgrim's and became in 2013 one of the largest chicken meat production companies in the world (Costa, 2015) . Data on significant events were raisedto verify their influence on the flows between the actors of the chain (Table 3) . In the current study, the operational measurements of centrality were established using graph theory with Gephi ® software, allowing data visualization in graphical format (Bastian et al., 2009) . The more centrally positioned in the network, more capacity this actor has to access other network actors (Borgatti & Li, 2009 ). For networks, it is possible to work with three measures of centrality. In this case, the measure of centrality degree was used. Equation 1 calculates centrality degree, which is defined by the number of direct contacts (or adjacencies) for a particular point p k (Freeman, 1979) . Where C D = Centrality degree; p k = Network node to be considered; n = Number of nodes; a(p i ,p k ) = 1 if p i and p k are connected (number of adjacent nodes), otherwise, the value is 0.
After generating a dataset with the centrality indicators, RapidMiner ® software was used to generate all the graphical results of the study (Hofmann & Klinkenberg, 2014) . The software was also applied to show the centrality degree graphically during the 15 years period.
RESULTS AND DISCUSSION
The competitiveness of the poultry production chain is expressed by impressive productivity gains in recent years, which resulted in a progressive decrease in production costs and, consequently, in the price of poultry meat compared to other meats. Therefore, chicken meat is currently one of the most produced and consumed meats in the world (ABPA, 2016; USDA, 2016) . The excellent performance of the broiler production chain in Brazil reflects the process of industrial restructuring (adoption new forms of industrial organization on a large scale), technological changes and improvements in management techniques, nutrition and health of the birds occurred in Brazil since the 1970s. Table 4 presents performance indicators, and its total variance, per decade for the period from 1960 to 2010 (UBABEF, 2011).
According to FAO projections, already in the 2020s, poultry meat production is expected to overcome the production of pork and beef, thus becoming the most produced meat type in the world (FAO, 2013) . The fall of the chicken meat price combined with the increase in the average income of people resulted in a steady increase in poultry meat consumption in the world. Also, changes in lifestyle and eating habits of the world population are also considered as decisive factors for the consumption increase (Costa, 2015) . Figure 2 shows the evolution of the domestic and export markets of the Brazilian broiler production chain in millions of dollars from the years 2000 to 2015. However, poultry meat production for export has grown significantly in recent decades, most of the Using regression analysis the value of R 2 for the domestic market was 96% in a second order polynomial trendline, and the export market had the value of 90%, also in a second order polynomial trendline, which shows a strong statistical correlation between the data and the line. The future response of the production chain should remain with this trend, considering the productivity improvement of the players and the chicken meat consumption increase.
From 2000 to 2010 the merger or incorporation processes made the chicken meat market more concentrated and dynamic, since the first placed in 2000 had only 11.8% of the market, while the first one in 2010 had a 32.3% participation of the market (Costa, 2015) . The vertically coordinated system gives competitive advantages to companies and is responsible for the Brazilian achievements in both: the domestic and export markets (ABEF, 2004) . In the upward chain, all activities are carried out under the command of the integrative company, with its capital and salaried labor. There is total control by the integrator (the processing plant). It operates from the production of feed, chicks, slaughter, processing, and marketing. This structure of governance between the farmer and the slaughtering industry (vertical coordination), characterized by interdependence, justifies a better distribution of appropriate gross value by the processing plant (Araújo, 2008) . Figure 3 It is possible to visualize that the graphs that represent the networks from years 2010 and 2015 are quite similar. The closer and thicker the tie between the players means that they have a stronger level of relationship. Since 2010, incorporation and fusion processes make the production chain more concentrated (Costa, 2015) . The centrality degree of a node is considered essential, and functions as an index of the potential activity of the node's flow, considering the network structure as a whole (Cross & Thomas, 2009) . Table 5 presents the indices that were calculated using the Gephi® software (Bastian et al., 2009) .
The more centrally positioned the actor is, the more capacity this actor will have to access other actors in the network (Borgatti & Li, 2009 ). Analyzing Table  5 , and considering the normalized centrality degrees for this network, it is noted that the position of the Government actor is more central than the position of the Processing plant and Farmer actors. In other words, the Government actor has a higher capacity to access, directly or indirectly, to other actors in the network. In this sense, the government's role is to encourage the chicken meat production not only as a policy of income and employment generation but mainly as a food-security policy (BNDES, 2007) . The centrality has three groups of actors at similar levels ( Figure 4) Organizations management, through social network analysis, can better understand how individual actors behave, and for that moment, seek better ways to Structural Attributes Dynamics of the Brazilian Broiler Production Chain use their financial capital to leverage an increase in operational efficiency of all productive chain (Janhonen & Johanson, 2010) . Using regression analysis the result of R 2 for the Processing plant present value of 89%, for the Farmer value of 60%, and for the Feed mill value of 87%, all of them in a third order polynomial trendline. The Processing plant actor is accumulating a more significant rate in centrality during the years, especially after the year 2010 (mergers and acquisitions). Farmer and Feed mill actors are decreasing its centrality due to the increase of the power of the Processing plant. According to the trend, the power of the network will continue to be concentrated in the Processing plant in the next few years, unless some unexpected event emerges in the future on the national or international scenario.
Social networks, apparently invisible, are fundamental to the performance and execution of the business strategy (Cross & Thomas, 2009 ). The analyzed model leads to the centrality of the network. Through the ties that reach and connect the organizational structure this model provides individuals with different access to different information, and due to this dynamic, some links become more valuable than others.
CONCLUSIONS
Brazilian poultry production activity has grown positively in the last five years and has been weakly influenced by international outbreaks of avian influenza virus. Even the economic crises that hit the broiler meat international market were not enough to slow production. Over the period 2000 to 2015 the total growth of the export and domestic markets, was approximately 800%. The Brazilian broiler meat sector has a prominent place in the world scenario due to its high degree of competitiveness and productivity.
Results from the present study showed that the broiler meat sector in Brazil has evolved and consolidated based on modern and advanced technology. The model is synergistic, combining high efficiency with a large capacity of scale production and distribution of the processing plants. The poultry production industry is probably one of the Brazilian production chains with the highest level of coordination, which gives this high competitiveness in the world market.
